Background and Aims: Virtual reality (VR) laparoscopic simulator training has been shown to augment the learning of skills needed in real laparoscopic operations. We report here our two-year experience of using a VR simulator in the training of surgical residents.
stay are widely acknowledged. However, the common view is that laparoscopic surgery is technically demanding and that laparoscopic procedures require psychomotor skills that ared ifferent from those needed in conventional open surgery. These skills include translation of at wo-dimensional image into three-dimensional reality, eye-hand coordination and altered tactile feedback. In laparoscopic surgery the activity and behaviour that are normal in human beings have to be changed dramatically.Owing to this the learning of new procedures is moredifficult and new educational tools are needed to ensure the proficiency of surgeons and residents in laparoscopic operations.
INTRODUCTION
Laparoscopic surgery has superseded open surgery in many common operations during the past two decades, and its numerous advantages such as less postoperative pain, faster recovery and shorter hospital
The first tools used to help surgeons achieve competence in laparoscopic surgery werei nanimate box trainers. They have value in the training of surgeons as intensive training on box trainers improves the skills needed in laparoscopic operations (1). However, the main shortcoming of inanimate box trainers is the limited scope for objectively assessing the performance of the trainee. Although some rough numerical data can be gained on performance, the general assessment of skills such as accuracy is at best subjective since the evaluation is based on human monitoring.
Virtual reality (VR) laparoscopic surgical simulators are more advanced educational tools than box trainers. One notable advantage of VR simulators compared to inanimate boxes is the scope they provide for objective assessment of the performance of an individual trainee. This is invaluable in monitoring the progress of at rainee in his or her skills. The development of VR laparoscopic simulators actually began in the early 1990s, the first such simulator being introduced in the mid-1990s. Progress has since been rapid and the simulators and simulation technology have recently been the subject of reviews and editorials in major surgical and medical journals (1-9). These publications have unanimously acknowledged the value of surgical simulation in the training of surgeons and residents and have suggested that simulator training improves the skills needed in laparoscopic surgery. Furthermore, many recent publications haveshown thatthe skills acquiredthrough VR simulator training can be transferred into the operating theatre environment (10) (11) (12) (13) (14) .
Encouraged by the positive results presented in the literature it was decided to purchase a laparoscopic VR simulator in order to improve the learning of laparoscopic skills by surgical residents. AVR simulator was purchased for Päijät-Häme Central Hospital on 25 November 2005 and its use began on 1 December. We here report our two-year experience of the use of the VR laparoscopic simulator.
MATERIAL AND METHODS

VR SIMULATOR
After an extensive survey of different VR simulators, it was decided that the LAP Mentor (Simbionix USA Corp, Cleveland, OH, USA) would best fulfil our demands. The LAP Mentor consists of ametallic robotic platform and an Intel TM Pentium42.8 GHz computer with Microsoft Windows 2000 environment and softwaret raining modules (Fig. 1) . The LAP Mentor VR simulator incorporates basic tasks, procedural tasks and virtual patient (full procedures) modules. The modules installed in our LAP Mentor areshown in Table 1 . The ventral hernia repair module was purchased in 2007. All the modules are equipped with tactile feedback. The purpose of the basic tasks module is to allow trainees to practise basic laparoscopic skills, while the full proceduresm odule is designed to acquaint trainees with real operations such as gall bladderr emoval. In the basic task module the difficulty of the task increases with the numerical order of the task, the first being the easiest. Four representative basic tasks ares hown in Fig. 2 . The LAP Mentor utilises actual laparoscopic instrumentation such as grasping instruments, dissector,electric hook, clip applier and both 0°and 30°camera manipulation.
ASSESSMENT OF PERFORMANCE
The LAP Mentor provides different parameters for assessing performance, depending on the basic task in question. However, in all tasks the following parameters are recorded and saved: task completion time, number of movements of each instrument (hand), total path length of each instrument, shortest path length of each instrument, actual path length of each instrument, economy of movement of each instrument and average speed of each instrument. These parameters aret he most important, as shown in Table 2 . Additionally, a number of task-specific parameters are provided depending on the task. These include the number of correctly hit balls and total number of balls touched (task 3), the number of clipping attempts and lost clips (tasks 4 and 5), the number of lost balls (task 6), the number of cutting movements and retraction with overstretching injuries (task 7), total and incorrect cautery time (task 8) and the number of translocations of objects (task 9). In procedural tasks and full proceduretasks morespecific parameters are reported, including safe cautery time and safe clipping ( Table 2) .
RESIDENT TRAINING
The residents were encouraged but not obliged to practise with the VR simulator. They were introduced to the simulator by the principal user or another resident with experience in using the simulator.T he timing of training was intended to coincide with service in the department of gastrointestinal surgery so that most of the training was per- formed beforec linical work in the department. Residents werei nstructed to practise progressively: first basic tasks in numerical order,second the procedural task laparoscopic cholecystectomy,and finally full procedurelaparoscopic cholecystectomy.Practising with the suturing skills module was entirely optional. Trainees wereasked to save all their performances in the computer's database. Residents were asked to practise until they personally felt that they were performing the tasks satisfactorily.Therewas no obligation to achieve acertain level of performance beforethey were allowed to quit training. Practice with the simulator was arranged during clinical routines, and there were no "simulator training days" free of clinical duties. Five laparoscopic surgeons having experience of more than 200 laparoscopic operations practised with the simulator for comparison of trainees' performance. The opportunity to use the VR simulator was also offered to staff from the hospital's department of gynaecology and to staff from neighbouring hospitals. In most cases residents and surgeons from other hospitals came to practise with the simulator for just one day.
RESULTS
During the two-year period from 25 November 2005 to 30 November 2007, a total of 79 persons practised with the simulator atotal of 2,090 times. Basic tasks, suturing skills tasks, procedural cholecystectomy tasks and full procedures cholecystectomy were performed 1,805, 15, 154 and 116t imes, respectively. Twenty residents, six surgeons, ten gynaecologists (or residents in gynaecology) and 43 visitors used the simulator at least once. Use of the simulator among residents varied greatly (Fig. 3 ). Fig. 4 shows the difference (statistically significant in 18 out of 30 comparisons) between the performances of five experienced laparoscopists, and eight novice residents without laparoscopic experience (basic task 5, graspingand clip application). The surgeons reached their personal level quickly,while it took some time for the novices to reach ap lateau. The performance of the ten cholecystectomies of residents were recorded and analysed. The results showed that mean operative time was 115.5 min (SEM 5.6) and 125.2 min (SEM 5.4) of residents with great amount of practising sessions (over 100) or small amount of sessions (under 40), respectively.T he difference was not, however, statistically significant (p =0.22, students t-test). Anumber of publications have clearly shown that VR laparoscopic simulators indeed improve the psychomotor skills needed in the operating theatre. However, the use of such simulators has not yet spread widely outside countries like the USA, the UK and Sweden. These countries have, in fact, pioneered the use of VR laparoscopic simulators and the related research. During the past few years VR laparoscopic simulators have arrived in Finland. To our knowledge Päijät-Häme Central Hospital was the first in Finland to purchase aVRsimulator and to integrate its use into surgical resident training. The VR simulator has been in active use in our hospital for more than two years now,a nd our experience with it has been very promising. The simulator has been used not only by our residents but also by a large number of visitors. It is also noteworthy that representatives of another specialty, gynaecology, who also frequently perform laparoscopic operations, have found the simulator useful. Our experience suggests that aVR laparoscopic simulator is av ery useful training tool in ahospital like ours because it is at central hospitals where surgical residents take their initial steps in learning basic operative and laparoscopic skills. For logistic reasons it might be wise to establish a network of major central hospitals with VR laparoscopic simulators so that surgical residents would be able to use them for training purposes.
DISCUSSION
Our finding that the VR laparoscopic simulator is able to differentiate between persons with different levels of laparoscopic skills ("Construct validity") is well in line with previous studies (15) (16) (17) (18) (19) (20) (21) (22) (23) . Two studies seem to shows lightly conflicting results,e specially regarding the construct validity of the LAP Mentor. In the study by Yamaguchi et al. (23) the difference between experienced and novice laparoscopic surgeons could be shown only in left hand performance, while McDougall et al. (21) found that all basic tasks could differentiate between subjects with varying laparoscopic expertise. In fact, there is no actual discrepancy between the findings of these two studies: Yamaguchi et al. used only basic task 3 (eyehand coordination), which is the easiest one. McDougall et al. were more rigorous in that they tested all the basic tasks and found that the higher level skill tasks distinguished better between subjects with different laparoscopic skills, and that basic task 8 (diathermy) showed thehighest construct validity.Inthe present paper the performance of subjects with different levels of experience in laparoscopic surgery was compared in the medium skill level task and the results shown in Figure 4 clearly confirm the construct validity of the LAP Mentor VR simulator.An important fact shown by a previous study (24) was confirmed and is worth mentioning. Namely, the performance of novice residents varied greatly between different attempts while the performance of the experienced surgeon was very consistent.
As could be expected, offering training on avoluntary basis resulted in ah uge variation in the use of the simulator among residents. Our findings arewell in line with those presented by Chang et al. (25) . In their study most residents agreed that the simulator was easy to use and that its use improved their surgical skills. However, residents did not use the simulator for a number of reasons, including off-site rotation, no time and no interest. Some residents thought that asimulator was not agood substitute for actual surgical experience. We did not ask our residents why they did not use the simulator,but it is very probable that the reasons aremuch alike. In ahospital like ours the pressuretoperform clinical duties is great and it is therefored ifficult to find time for training with a simulator. The willingness to practise with a simulator very likely varies greatly. Aresident training to be an orthopaedist may not see the point of practising laparoscopic operations, while others may not find the idea of a"surgical video game" at all appealing. Furthermore, the clinical benefits obtained from simulator training may not be obvious to residents. It seems that in order to achieve the best results in terms of laparoscopic skills through VR simulator practice, the training should be made compulsory and based on competence (16, 26) . Compulsory VR simulator training naturally means that sufficient time is available for practising sessions because these are arranged by the employer.
Av ery important issue is whether the skills achieved by VR simulator training can be translated into real surgical skills such as those needed in a cholecystectomy. The answer, according to two randomised controlled trials, is "yes" (12, 13) . We also planned to assess the operating theatreperformance of residents after VR simulator training, but although the psychomotor laparoscopic skills among residents werec learly improved, we wereu nfortunately not able to arrange a controlled setting for such an assessment. Thereforew ew ereo bligated to accept al ess reliable setting (retrospective data analysis) in order to compareo perative performance of residents with different amount of simulator training. Although therew as at rend towards shorter operative time in group of residents with great amount of simulator training, reliable evidence supporting improvement of operative skills by virtual simulator training could not be shown in our setting.
We now know alot about the use of VR simulators and also enough about the impact of their use on the surgical skills of residents. Without doubt training with aVRlaparoscopic simulator improves technical skills and to some degree also teaches the strategy needed in actual operations. However,w es till have much to learn about how to use VR simulators, how to teach with them and how to make full use of their potential. In our opinion, purchasing a VR simulator is only the first, though important, step towards improving the training of surgical residents. It is worth emphasising that residents should have enough time to train with the simulator and that they should be freed from clinical duties for training. It is also vital for at least one person in the surgical department to have enough time to arrange and monitor the training of residents. The supervisor should also be present as much as possible during thet raining sessions in order to help trainees to acquirethe right technique. The old concept of surgical training "see one, do one, teach one" on patients is no longer appropriate and we must transfer the initial phase of training to a simulated environment where repetition of tasks is safe. We hope that in the future Finland will have an etwork of high-level simulator centres with adequate equipment and personnel.
In conclusion, the LAP Mentor VR laparoscopic simulator was found to have excellent construct validity.Practising with aVRsimulator on avoluntary basis leads to varying and, in some cases insufficient, levels of practise among trainees. The VR simulator has been in active use in our hospital with relatively good results. However,t he use of the simulator has not been arranged in the best possible way because of as hortage of time on the part of residents and teaching staff.
